Abstract Although the design features of the Medial Pivot fixed-bearing prosthesis reportedly improve kinematics compared with TKAs using fixed-bearings, clinical improvements have not been reported. We asked whether the clinical and radiographic outcomes, ranges of motion of the knee, patient satisfaction, and complication rates would be better in knees with a Medial Pivot fixed-bearing prosthesis than in those with a PFC Sigma mobile-bearing prosthesis. We compared the results of 92 patients who had a Medial Pivot fixed-bearing prosthesis implanted in one knee and a PFC Sigma mobile-bearing prosthesis implanted in the other. There were 85 women and seven men with a mean age of 69.5 years (range, 55-81 years). The minimum followup was 2 years (mean, 2.6 years; range, 2-3 years). The patients were assessed clinically and radiographically using the rating systems of the Hospital for Special Surgery and the Knee Society at 3 months, 1 year, and annually thereafter. Contrary to expectations, we found worse early clinical outcomes, smaller ranges of knee motion, less patient satisfaction, and a higher complication rate for the Medial Pivot fixed-bearing prosthesis than for the PFC Sigma mobile-bearing prosthesis.
Introduction
Total knee arthroplasties (TKA) using well-designed, fixedbearing prostheses have produced good long-term results [7, 13, 23] . However, problems with polyethylene wear, osteolysis, and failure in fixation have occurred with some fixed-bearing designs [5, 6, 8, 20, 27] . Mobile-bearing knee prostheses therefore were designed to provide more conforming surface shapes with reduced polyethylene contact stresses and presumably reduced wear [1, 3, 4] . Several authors have suggested a mobile bearing could minimize bone-prosthesis interface stresses of the tibial component [17, 18] . The Medial Pivot fixed-bearing prosthesis (Advance TM , Wright Medical, Arlington, TN) was developed specifically to enhance stability and reduce polyethylene wear by creating a near constant femoral component radius to reduce contact stresses and more normal knee kinematics [21, 22] .
Several authors report no or negligible clinical and radiographic differences at short-to medium-term followup with several types of mobile-and fixed-bearing prostheses in the same or different patient groups [16, 26] . These studies did not include a Medial Pivot fixed-bearing prosthesis.
We examined four hypotheses: (1) the clinical and radiographic results would be at least as good in patients having a Medial Pivot fixed-bearing prosthesis implanted ( Fig. 1) as results of patients having a press-fit condylar (PFC) Sigma mobile-bearing prosthesis implanted (Fig. 2) ; (2) the ranges of motion (ROM) of the knee with a Medial Pivot fixed-bearing prosthesis would be better than those with a PFC Sigma mobile-bearing prosthesis; (3) patient satisfaction and preference would be the same in patients having a Medial Pivot fixed-bearing prosthesis as those of patients having a PFC Sigma mobile-bearing prosthesis; and (4) complication rates would be less with the Medial Pivot fixed-bearing prosthesis than with the PFC Sigma mobile-bearing prosthesis.
Materials and Methods
We report a prospective, randomized clinical trial initiated in 2004 of a consecutive series of bilateral single-stage TKAs. All patients who had bilateral TKAs at one institution between February 2004 and February 2005 were considered for inclusion in the study. The indication for surgery was degenerative osteoarthritis that was severe enough to warrant TKA after an adequate trial of nonoperative therapy, and the need for bilateral TKAs. We excluded patients with rheumatoid arthritis and a history of septic arthritis. Patients with rheumatoid arthritis were excluded for two reasons: (1) the clinical results between Medial Pivot fixed-bearing (Wright Medical) and PFC Sigma mobile-bearing prostheses (DePuy, Warsaw, IN) would not necessarily be comparable because of multiple joint involvement in patients with rheumatoid arthritis; and (2) progressive ligament laxity after implantation of a mobile-bearing prosthesis in patients with rheumatoid arthritis was found over a long period of time, and the knee became unstable [24] . The study protocol, including the consent forms, was approved by the Institutional Review Board at our institution. A detailed informed consent form was signed by each patient, and all information was kept confidential.
We enrolled 98 patients (198 knees) who had bilateral osteoarthritis we considered severe enough for bilateral single-stage TKAs. We excluded three patients postoperatively because of subsequent diagnosis of septic arthritis, leaving 96 patients available for participation. Four patients were lost in early followup (before 3 months), leaving 92 patients (184 knees) available with a minimum followup of 2 years (mean, 2.6 years; range, 2-3 years). There were 85 female and seven male patients with a mean age of 69.5 years (range, 55-81 years; standard deviation [SD], 7.92) at the time of surgery. The high percentage of female patients in the series is attributable to this specific ethnic group of patients. All knees had a varus deformity between 8°and 15°. Five patients with a Medial Pivot fixed-bearing TKA and six with a PFC Sigma mobilebearing TKA had previous unilateral or bilateral arthroscopic débridements and the remaining patients in both groups had no previous surgery ( Table 1 ).
All of the included 184 TKAs in 92 patients were performed between February 2004 and April 2004. During this time, we had a high incidence of infection in the knees with the Medial Pivot fixed-bearing prostheses, and the study was stopped by the Infection Control Committee of our hospital. We investigated all possible sources of infection, including sterilization of the implant by the manufacturer and sterilization of instruments at our hospital. We found no specific factors leading to the high incidence of infection with the Medial Pivot fixed-bearing prosthesis. We resumed doing TKAs using the Medial Pivot fixed-bearing prosthesis in January 2005; 25 TKAs were performed using a Medial Pivot fixed-bearing prosthesis in one knee and a PFC Sigma mobile-bearing prosthesis in the other until the end of February 2005. Two of 25 patients had signs of infection in the knee with the Medial Pivot fixed-bearing prosthesis, and Medial Pivot TKA versus PFC Sigma TKA 495 the study was discontinued permanently. A sample size estimation showed 75 knees in each group would be required to show a difference in the knee scores between the groups of at least 0.75 standard deviation from the mean with an alpha level of 0.05 and a power level of 85%. Randomization to Medial Pivot fixed-bearing TKA or PFC Sigma mobile-bearing TKA was accomplished using a sealed study number envelope, which was opened in the operating room before the skin incision was made. After opening the envelope, the first knee received the prosthesis indicated by the envelope and the contralateral (second TKA) knee received the other prosthesis. All patients underwent single-stage bilateral (sequential) TKAs under one anesthetic. Both knees were prepped and draped. The first surgery was performed on the patient's most symptomatic knee. The tourniquet was deflated after the prosthesis was implanted. Closure then was performed on the first TKA, and during this process, the surgeon communicated with the anesthesiologist to confirm the patient remained hemodynamically stable enough to undergo the second sequential TKA. The second TKA was performed in an identical manner to the first.
All surgery was performed by the senior author (YHK). A bloodless field was obtained using a pneumatic tourniquet at a pressure of 350 mm Hg after exsanguination with an Esmarch bandage (DePuy). In all patients, an anterior midline skin incision (10-12 cm in length) was used with a medial parapatellar capsular incision of the joint. The skin incision was made as short as possible in all knees, but there were no differences in soft tissue dissection between the two groups. The degenerated anterior cruciate ligament was excised. In both groups, femoral preparation was performed first, followed by tibial preparation. Resection of the distal and posterior femoral condyles was attempted to remove a thickness of bone equal to that of the femoral component to be implanted. Although we tried to resect an equal thickness of bone from distal and posterior femoral condyles, posterolateral femoral condyles were resected less than posteromedial femoral condyles because the lateral femoral condyle is smaller than the medial femoral condyle. We attempted to set 3°external rotation of the femoral component in relation to the posterior femoral condyles, or perpendicular to Whiteside's line, or parallel to the transepicondylar axis. All implants were a posterior cruciate-retaining design.
We balanced the ligaments and resected approximately 10 mm of tibial bone to achieve a surface that was perpendicular to the shaft of the tibia in the coronal plane with 7°posterior slope in the sagittal plane. Care was taken during resection of the femur and tibia to balance the flexion and extension gaps and alleviate any flexion contracture. All patellae in both groups were resurfaced routinely using a polyethylene patellar prosthesis. The patellar thickness was measured before resection, which was equal to or slightly more than that of the component to be implanted. All implants were cemented after pulsed lavage, drying, and pressurization of cement. The status of the posterior cruciate ligament always was evaluated. At the end of implantation of the prosthesis, femoral rollback was assessed, and it was considered suboptimal when there was a liftoff and/or when the tibial articulating surface was displaced anteriorly in relation to the femoral component during 90°to 120°flexion of the knee.
Femoral rollback of the knee was considered suboptimal in 29 knees (16%) with Medial Pivot fixed-bearing prostheses and in 14 knees (8%) with PFC Sigma mobilebearing prostheses. Recession of the posterior cruciate ligament was performed in these 43 knees. We performed TKAs with the Medial Pivot prosthesis in a manner consistent with the described technique. Attention was given to checking rollback of the knee. Even if there was a subtle disturbance of rollback in the knee with a Medial Pivot prosthesis, the posterior cruciate ligament was recessed. We suspect constrained configuration of the medial compartment of the Medial Pivot fixed-bearing prosthesis might be a reason for a higher rate of posterior cruciate ligament recession. The tourniquet was deflated immediately after insertion of the components. Hemostasis was completed and the wound was closed in layers. The mean tourniquet time was 30 minutes for the Medial Pivot fixedbearing prosthesis and 35 minutes for the PFC Sigma mobile-bearing prosthesis. Additional time was spent doing more meticulous ligament balance to prevent subluxation or dislocation of the tibial bearing surface in knees with PFC Sigma mobile-bearing prostheses.
A splint was applied with the knee in 15°flexion and was worn for the first 24 hours after surgery. The patients used a continuous passive motion machine for passive ROM exercises twice daily for 30 minutes each time. The settings on the machine were advanced incrementally under the supervision of the therapist until 120°flexion (range, 7-10 days) was achieved. Active ROM exercise also was performed under the supervision of the therapist twice daily for 30 minutes each time. On the second postoperative day, patients began standing at the bedside or walking with crutches or a walker twice daily for 30 minutes each time under the supervision of the therapist. The patients used crutches or a walker with full weightbearing for 6 weeks and used a cane when needed thereafter. Clinical and radiographic evaluations were made at 3 months and 1 year after surgery and yearly thereafter. All clinical data obtained at each followup were recorded and compiled by one clinical fellow (SHY) who was not part of the operative team and who had no knowledge of the radiographic findings. Preoperative and postoperative ratings according to the Knee Society [12] and Hospital for Special Surgery [14] systems were obtained for all patients. Ranges of knee motion were measured in the flesh using a goniometer during the examination period. The preoperative Knee Society knee and functional scores for knees with Medial Pivot fixed-bearing prostheses (29 and 45 points, respectively) and PFC Sigma mobile-bearing prostheses (28 and 45 points, respectively) were similar (p = 0.671 and 1.000, respectively). Preoperative Hospital for Special Surgery knee scores for knees with Medial Pivot fixed-bearing prostheses and PFC Sigma mobilebearing prostheses (58 and 58 points, respectively) also were similar (p = 0 .699) ( Table 2) .
Patient satisfaction was assessed with the visual analog scale. The visual analog scale responses were grouped into four categories to determine patient satisfaction: 2 or less, fully dissatisfied; 3 to 5, somewhat dissatisfied; 6 to 8, satisfied; and 8 to 10, fully satisfied. This method was described previously [3] . It is somewhat arbitrary and has not been scientifically validated, but nevertheless, we believe it provides a useful impression of the degree of patient satisfaction.
All 92 patients had complete radiographic followups. Radiographs were analyzed by one observer (JSK) who had no knowledge of the names of the patients to determine consistency in radiographic assessment, and the findings were recorded by a research assistant (SML) who knew the names of the patients. Radiographs obtained before and after surgery, which included anteroposterior (AP) radiographs obtained with the patient standing and supine, a lateral radiograph, and a skyline patellar radiograph, were assessed for alignment of the limb, position of the component, and presence and location of all radiolucent lines at the bone-cement interface according to the recommendation of the Knee Society [12] . All radiographs were taken under the fluoroscopic control to ensure adequate observation of the interfaces. The joint lines were determined on AP radiographs obtained before and after surgery with the patient supine by measuring the distance between the tip of the fibular head and the distal margin of the lateral femoral condyle preoperatively and between the tip of the fibular head and the distal margin of the lateral femoral component postoperatively. The skyline patellar radiographs were examined for patellar tilt, subluxation, or dislocation. Any osteolysis around three components was recorded. We used the chance-corrected kappa coefficient to determine intraobserver agreement of radiographic measurements. Intraobserver agreement in the series was 0.61-0.80. We calculated descriptive statistics (means, standard deviation, and proportions) for continuous study variables. Knee Society and Hospital for Special Surgery knee scores were the primary outcome variables. These variables were analyzed with a two-way repeated measures analysis of variance. Ranges of motion of the knee also were compared between the two groups using a two-way repeated measures analysis of variance. Complication rates and radiographic data were compared between the two groups with nonparametric chi square tests. All statistical analyses were performed with the Statistical Package for the Social Sciences (SPSS), version 14.0 (SPSS, Chicago, IL) with two-tailed tests.
Results
The early Knee Society and Hospital for Special Surgery knee scores, pain scores, and functional scores were worse for knees with the Medial Pivot fixed-bearing than scores for knees with the PFC Sigma mobile-bearing prosthesis. However, radiographic results were similar. The postoperative Knee Society and Hospital for Special Surgery knee scores for all 92 patients were lower (p = 0.021 and p = 0.023) with the Medial Pivot fixed-bearing prosthesis than scores with the PFC Sigma mobile-bearing prosthesis at each followup (Tables 3, 4) . The postoperative Knee Society and Hospital for Special Surgery knee scores in the 81 patients who had no infection also were less (p = 0.010 and p = 0.033, respectively) with the Medial Pivot fixed-bearing prosthesis (87 and 80 points, respectively) than with the PFC Sigma mobile-bearing prosthesis (94 and 86 points, respectively). The pain score with the Medial Pivot fixed-bearing prosthesis was considerably less (patients had more pain) at the final followup than with the PFC Sigma mobile-bearing prosthesis (patients had less pain) according to both knee scoring systems (p = 0.043 and p = 0.040, respectively). No radiographic differences were observed between prostheses (Table 5) for alignment of the knee, position of the components, posterior condylar offset, and prevalence of radiolucent lines (Fig. 3) . No knee in either group was revised. The mean ranges of motion of the knee at the final followup were less (p = 0.713) with the Medial Pivot fixedbearing prosthesis compared with the PFC Sigma mobilebearing prosthesis despite mean preoperative ranges being similar (124°versus 123°). The mean ROM at the final followup was less with the Medial Pivot fixed-bearing prosthesis than with the PFC Sigma mobile-bearing prosthesis. The mean motion at final followup was lower (p = 0.007) for the Medial Pivot fixed-bearing prosthesis than for the PFC Sigma mobile-bearing prosthesis Tables 3, 4) . Although the mean ROM at the final followup was decreased (p = 0.001) in knees with the Medial Pivot fixed-bearing prosthesis, it was slightly increased (p = 0.078) in knees with the PFC Sigma prosthesis compared with preoperative ranges (Table 2) . More patients were satisfied with the result of the TKA with the PFC Sigma mobile-bearing prosthesis than were satisfied with the result of the contralateral TKA with the Medial Pivot fixed-bearing prosthesis ( Table 6 ). The mean satisfaction of patients with a Medial Pivot fixed-bearing prosthesis was 6.5 ± 3.4 points versus 7.9 ± 2.1 points for the PFC Sigma mobile-bearing prosthesis. Fifty-six patients (61%) preferred the PFC Sigma mobile-bearing prosthesis; 30 patients (33%) had no preference; and six patients (7%) preferred the Medial Pivot fixed-bearing prosthesis.
Complication rates were greater (p = 0.001) with the Medial Pivot fixed-bearing prosthesis than with the PFC Sigma mobile-bearing prosthesis (Table 7) . Five knees with the Medial Pivot fixed-bearing prosthesis had early deep infections (coagulase negative Staphylococcus epidermidis) and one knee with the PFC Sigma mobilebearing prosthesis had an early deep infection (coagulase positive Staphylococcus aureus). The patients were treated with open débridement of the knee followed by intravenous antibiotics for 6 weeks. No patient had recurrence of deep infection. Six patients (6.5%) with superficial infections in knees with the Medial Pivot fixed-bearing prosthesis were treated with intravenous antibiotics only for 2 to 4 weeks. There was no recurrence of infection.
In the knees with a Medial Pivot fixed-bearing prosthesis, three (2%) had a persistent flexion contracture, nine (5%) had a recurrent effusion, and one (0.5%) had skin edge necrosis. One patient (one knee; 0.5%) sustained a supracondylar fracture after a fall. Open reduction and internal fixation was performed augmented with a freshfrozen femoral shaft allograft. In the knees with a PFC Sigma mobile-bearing prosthesis, a deep peroneal nerve palsy developed in one knee (0.5%). This resolved completely within 1 year of surgery. There were no bearingrelated complications in the patients with a PFC Sigma mobile-bearing prosthesis such as bearing subluxation, dislocation, or failure.
Discussion
Although the design features of the Medial Pivot fixedbearing prosthesis reportedly improve kinematics compared with previous fixed-bearing prostheses, this has not been documented clinically. To compare the results of the Medial Pivot fixed-bearing and PFC sigma mobile-bearing prostheses, we asked whether the clinical and radiographic results, ROM of the knee, patient satisfaction, and complication rates would be better in knees with a Medial Pivot fixed-bearing prosthesis than in knees with a PFC Sigma mobile-bearing prosthesis.
There are some limitations of this study. First, because early cessation of this study related to the high infection rate, our study is underpowered to make any conclusions regarding our primary outcome [11] . Second, we have no interobserver variability and this can lead to substantial bias in interpreting radiolucent lines and loosening. Third, it is difficult for a patient who has undergone bilateral TKAs to separate the function of each knee. Although this is a problem when assessing function after bilateral TKAs, we believe we were able to obtain fairly accurate information after careful assessment of the performance of each knee. Comparing the benefits of two different treatments in the same patients has the advantage that patient-dependent prognostic factors are eliminated, although it introduces the problem with the difficulty of a patient separating function of the two knees, particularly the overall function. However, our comparisons are within-patient (paired) and not between patients as is more typical. The advantages are that fewer patients are required and confounding factors are controlled. These problems still occur in traditional parallel group trials despite efforts to minimize the potential for bias. Finally, the followup was short and we can make no conclusions regarding the theoretical advantage of the Medial Pivot fixed-bearing prosthesis regarding wear.
Numerous prosthetic designs now are available, including mobile-and fixed-bearing designs. However, few authors provide direct comparisons of outcomes of any two or more types of prostheses. The results of AMK fixed-bearing (DePuy) and LCS meniscal-bearing (DePuy) prostheses were prospectively compared in 222 patients (444 knees) who had bilateral simultaneous TKAs [16] . At mean followups of 7.4 and 10.3 years, respectively, the authors reported no differences in clinical outcomes between the two groups. The Nexgen legacy posterior stabilized (LPS) mobile-bearing and fixed-bearing prostheses (Zimmer, Warsaw, IN) have been compared and again no major clinical advantages were found for the mobile-bearing design [26] . The PFC Sigma mobile-bearing and PFC Sigma fixedbearing prostheses (DePuy) were compared in 174 patients (348 knees) with a mean followup of 5.6 years [15] . Again, no difference in clinical outcome was identified between the two groups. We found the early clinical outcomes of knees with the Medial Pivot fixed-bearing prostheses were worse than those of knees with PFC Sigma mobile-bearing prostheses. The postoperative Knee Society and Hospital for Special Surgery knee scores in patients who had no infection were lower for those with the Medial Pivot fixed-bearing prosthesis (87 and 86 points, respectively) than for patients with the Sigma prosthesis (94 and 93 points, respectively). Therefore, infection was not an effecter modifier to influence the outcomes so that patients with the Medial Pivot fixed-bearing prosthesis had worse outcomes. We are uncertain why this particular Medial Pivot fixed-bearing prosthesis had worse shortterm clinical outcomes. We suspect the excessive constraint of the Medial Pivot fixed-bearing prosthesis imposed by the fully congruent medial tibiofemoral articulation may not restore normal kinematics of the knee and inhibit posterior rolling and sliding of the lateral femoral condyle around a medial femoral condyle during knee flexion. This subtle disturbance of kinematics of the Medial Pivot fixed-bearing prosthesis may contribute to less favorable clinical outcomes than the PFC Sigma mobile-bearing prosthesis.
Numerous authors have compared ROM in knees with fixed-and mobile-bearing prostheses [15, 16, 25, 26] . These authors reported no or negligible differences between the two types of implants. In one study, specifically, the ranges of motion of the knee were compared between the PFC Sigma fixed-bearing and PFC Sigma mobile-bearing prostheses [15] . No difference in the ranges was identified between the two groups (131°and 130°). In another study, a comparison was made between 261 knees replaced with Medial Pivot fixed-bearing prostheses and 288 replaced with 913 posterior-stabilized fixed-bearing prostheses (Wright Medical) [22] . There was no major difference in the flexion obtained 12 months after surgery (111°and 109°, respectively). However, regression analysis of an individual knee revealed a small (average, 2.9°) but greater loss of flexion 12 months after surgery with the Medial Pivot fixed-bearing prosthesis. The authors concluded although the Medial Pivot fixed-bearing prosthesis may have improved kinematics, in terms of reduced paradoxical movement, it has no advantage in improving flexion at 12 months.
We found the mean ranges of knee motion were 124°for the Medial Pivot fixed-bearing prosthesis before surgery and 115°at final followup. For the PFC Sigma mobilebearing prosthesis, the mean ranges were 123°before surgery and 127°at final followup. The reason for loss of ROM with the Medial Pivot fixed-bearing prosthesis at final followup is unclear. We suspect intended restoration of the normal kinematics of the Medial Pivot fixed-bearing prosthesis might not be achieved to improve ROM of the knee.
Patient satisfaction and preference for fixed-and mobile-bearing prostheses were compared by numerous authors [16, 26, 27] . These authors reported negligible differences in patient satisfaction and preference between the two types of implants. In the series of PFC Sigma fixedand PFC Sigma mobile-bearing prostheses, patient satisfaction and preference were similar in both groups [15] . We found patient satisfaction higher with the PFC Sigma mobile-bearing prosthesis. We attributed dissatisfaction with the Medial Pivot fixed-bearing prosthesis to a higher incidence of infection and insufficient ROM.
Incidence of infection after TKA has decreased during the past few decades because of improvements in prevention efforts and surgical techniques. The most notable improvement occurred with the routine use of perioperative prophylactic antibiotics. Currently, the risk for postoperative infection after TKA is approximately 0.4% to 2% [9, 10, 19] . Risk factors include patient or host variables, surgical technique, and various aspects regarding surgical environment and postoperative management of the patient [9] . The causes of the high incidence of superficial infection (3.3%) and deep infection (2.7%) in knees with the Medial Pivot fixed-bearing prosthesis in our series is unclear. No patient in either group had specific risk factors. One experienced knee surgeon performed all TKAs in this series. Therefore, the surgeon-specific factor would not be a contributing factor to the high incidence of infection. We suspect failure in restoration of normal kinematics with the Medial Pivot fixed-bearing prosthesis might lead to irritation of soft tissues and subsequently recurrent effusion and infection in the knee.
Although the design features of the Medial Pivot fixedbearing prosthesis reportedly improve kinematics compared with those of previous TKAs using fixed-bearing prostheses, we found worse early clinical outcomes, less ROM, less patient satisfaction, and a higher complication rate in the patients with a Medial Pivot fixed-bearing prosthesis than in the patients with a PFC Sigma mobilebearing prosthesis.
